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ABSTRACT 

An inventory of T137 rifles and T152 mounts, manufactured by 

Firestone,   is given. 

A review is made of the development of the T?2E2 and T53E1 

shell cases. A specific problem of the bulging of non-heat treated 

shell c?«es lead to an investigation of the feasibility of localized 

heat treating using induction heating. The data from the investi- 

gation are presented and discussed. 

Thirty-eight rounds of T119 folding fin projectiles were fired 

to investigate the effect of the number of fins upon the accuracy 

of the projectile.     The test results are given. 

A portion of a larger program concerning projectile yaw and 

tne effect of muzzle blast on accuracy of the T119 projectile, is 

reported. 

In the penetration  study program,   tests were made to extend 

the  use of data for the 105mm cones and charges to other sizes. 

To implement this,  scale studies were made  to determine the effect 

of size upon penetration.    The test data are presented and analyzed. 

1 
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THE  WEAPON SYSTEM 

An inventory of TI3? rifles and T152 
mounts manufactured by Firestone tor 

its own research and development activ- 
ities is given in Table I. 

~ 

•:.. 

Toblo I 
-ntory of Recoilless Rifles and Mounts 

Manufactured by  Firestone and  Used  in Research  and  Development Activities of 
Defense Research  Division 

Riflt or Mount Location Commtnto 
RIFLi.5 
T137E3 Rifles 

Serial Nos.   1 <• 2 Akron Returned from Port Penning 
No.  13 Aberdeen Proving Ground Test Facility 
Not.   21 fc 22 Akron For Spare Part* 

T137E2 RiOes 
Serial No.   1 Akron For Spare Parts 

No.   2 Erie Ordnance Depot Test Ficility 

T1375;i Rifle* 
Serial No.  4 Walertown Arsenal Metallurgical Study 

No.  8 Akron Held for historical value 

MOUNTS 
T152E5 Mounts t 

Serial Nos.  1 t> 2 Akron                                   i 
No.   3 Aberdeen Proving Ground 

!t:f.#» ond  iwylH wrap p*d ho»» tM*n dropped frvm Uv—«ory. Par m«fl«H  auovntlng 
•M Thlrry-5n»n<  Pr»gr»n  »p»r») 

Induction    Heat Treated  Shell Cases 

A preliminary report of the perfor- 
mance of seventeen T53E1 shell cases 
which had been heat treated over a loca- 
lized area by induction hardening and 
tempering was presented in the Thirty- 
Fourth Progress Report. A complete 
report of this development is presented 
here. 

Two meetings held in Office, Chief 
of Ordnance (ORDTS and ORDTA) on Aug- 
ust 8 and 16, 1952, were concerned with 
the BAT project and resulted in certain 
decisions regarding standardization of the 
weapons and ammunition. It was re- 
quested that the BAT rifle, T137, be modi- 
fied so as to be capable of firing all types 
of BAT ammunition i.e., the ammunition 
developed for the T170 and M27 rifles 
as well as that developed specifically 
for the T137.    In addition,  a decision was 

made that in each or the several possible 
"packages" of ammunition (HEAT, HE, 
HE-P, WP) only the HEAT round could 
be finned and that the others must be the 
more  conventional spinning rounds. 

In order to comply with these revised 
requirements it was necessary to make 
extensive changes in the chamber of the 
T137 rifle, so that it could accommodate 
the other types of ammunition. The reg- 
ular ammunition uses the M32 cartridge 
case. Thi* cast was 1)1 production, was 
readily available, and could be modified 
easily for use in the T137E3 rifle. Be- 
cause the pressures in the BAT rifles are 
higher than in the M27 rifle, for which the 
M32 case was developed, it was found 
necessary to heat treat the M32 cartridge 
cases.     Two  modifications of the  M32 
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case,  designated T52E2 and T53E1 are 
as follows; 

T52E2 - Standard mouth, heat treated, 
enlarged primer counterbore, for use with 
conventional spinning ammunition, 

T5 3E1 - Expanded mouth,heat treated, 
enlarged primer counterbore and plug in 
the base for rear loading, for use with 
the T119E11 HEAT round. 

Figure 1 is a drawing of the T53E1 case. 
The  smaller  mouth of the T52E2 case 
(standard size for the M32 case) is indi- 
cated by the dashed lines.     When used 
without heat treating about 50%iof these 
cases bulge with a. 100% chargxs^<ASd all fail 
at a 115% charge.    When hardened to Rock- 
well C 30 to 35 the cases are. satisfactory 
at a 115% charge      (See T^le^^&he 
Twenty-Sixth Progress Repoil;.    In this 
experiment the cases were quenched and 
tempered in a neutral salt bath to the de- 
sired hardness.     While this procedure 
eliminated the case failures,  it has proved 
to be cumbersome and has the disadvan- 
tage that final machining and sizing must 
be done on the hardened case. 

It was observed that the bulging of the 
case was limited to a zone approximately 
two inches in length extending forward 
from a point about 2. 5 inches from the 
base. Accordingly, it was proposed that 
the heat treatment of the^ea-fe Delimited 
to the area where bulging ocCrUrri^t^iea^v^— 
ing the balance of the case in iT^^a^pdJawn1' 
condition. It was recognized thaj^iie^^e*" 
quired hardness could be obt^ne^b~v•Pi- 
duction heating methods (:vbul""feka?tHkjfere 
would be a transition zone a*—each^enc1 

of the hardened area where the'ease woma 
be, in effect, "process anneate^GSdue to the 
temperature gradient. The extei^.arrd1 

degree of this softened portion, a.iiu lfcr ef- 
fect upon performance, were not known. 
Furthermore, the effect of the cartridge 
case perforations upon the induced heat 
pattern and upon the heating efficiency 
had to be determined. 

Twenty-five cases from a shipment 
of M32 cases were selected for evalu- 
ation of the induction heating method, 
Arrangements were made with the Metal- 
lurgical Laboratory of the Tocco Divi- 
sion, The Ohio Crank Shaft Company, 
t-> make an inductor a.id to induction harden 
the experimental cases. Figure 2 is a 
sketch of the inductor which was used. 
The pertinent operating data were as fol- 
lows: 

Frequency 3000 rps 
Power 130-100 KW 
Heating Time 10 sec 
Delay Time 5 sec 
Quench Time 15 sec   (Water) 
Quench Pressure 2,5 lbs. 
Rate of flow 75 gpm 
Temp er atur e of 80°F 

Quench 
Type Steel AISI 1030 
Tempering one hour at 700 

Fig. 2.     Inductor Block For Induction  Hardening 
Perforated Shell Case. 
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After developing the above procedure, 
seventeen cases remained from the origi- 
nal twenty-five. The hardness of these 
cases was measured after hardening and 
the data are shown in Figure 3. These 
data are in agreement with the results 
of hardness measurements made by Tocco 
on longitudinal strips cut from the hard- 
ened zone. 

a 5 inch zone, beginning at a line 2 inches 
above the base, to a hardness of RG 30 
to 36 will produce a case which will not 
bulge at a 115% charge. 

2.    The induction method of heating is 
practical.     The distortion of the flux, 
caused by the case perforations, drs-s^ot" 
greatly affect the process. 

Ten of the seventeen cases were used 
for firing tests at Erie Ordnance Depot. 
The firing record for these ten cases 
is shown in Table II. After each case had 
been fired once the lot were returned to 
Akron for inspection. No evidence of 
bulging or distortion was noted. All seven- 
teen cases were then returned to Erie 
Ordnance Depot for use in routine firing. 
A record of the firings for each case was 
kept until each case had been used five 
times. One case bulged on the second 
firing with a 100% charge, but all other 
cases have been used a minimum of six 
times each with at least one 115% charge 
in each case and none has failed. 

As a result of these tests it is con- 
cluded that: 

3. The transition zones were quite 
narrow, approximately .25 inch long, 
and although softer than the balance of 
the case do not themselves cause failure 
of the case. 

4. The short duration of the heat treat- 
ing cycle should speed up the heat treat- 
ing operation and the localized,hardening 
should reduce the cost of the subsequent 
machining operation. 

It is believed that this method of heat 
treating cases is applicable to the large 
scale production of high strength cases 
and should result in substantial savings 
compared with the use of heavier wall 
cases, higher strength steels, or heat 
treatment of the entire case. 

1.    Locally hardening and tempering 

?oWo°o°o 

LCCO  O O   0   3    1* 
fSccKME-jLi-A 4&-4B    Z-l^-^^f^~^^r£^-a?;JT^ TRANSITION ZONE 

. I 01 O^O-O QLOj 

[B, 30-gi) 

O  0   n   r 
( 3   0 O  O~O~0' 

o>o°e°o0Q°o1 * o o o o     t 
0    O   O -O    01 V&B2&&S& A^trA 
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Effect of Number of Fins 

Three lots of T119 projectiles, each 
having either four, five or six fins, have 
been fired for accuracy. The target was 
18 ft by 18 ft and was placed at a range 
of 1055 yards. The data ire presented 
in Table III and are summarized below. 

Til?  PROJECTILE 
curacy of the T119E11 projectile. The com- 
plete data have not been analyzed and only 
spin measurements are presented here. 

No. Fins       No. Rounds 

Four 13 (a) 

Hits 

7 

For the purpose of determining spin 
a series of nine yaw card frames were 
placed at distances varying from 30 ft 
to 288. 74 ft in front of the T137E2 gun. 

.. ,.       Probobla Errcr Imh)   _ 
Misses Honz. vert. 

.+ .92 ±.53 

r IVC 15 

10 

13 

10 (b) 

2 

C 

±.61 

x.49 Six 

Notes: 
(a) Two rounds fired for observation only. 
(b) One  round struck velocity coil before striking target 

and was net used in calculation of probable errors. 

±.64 

±.33 

The four-finned projectiles not only 
had a considerably higher horizontal pro- 
bable error of dispersion than the other 
types but three of the four misses and 
the two rounds fired for observation were 
observed to fly erratically. The data 
indicate that the TU9 with four fins is 
marginally stable, and no further test- 
ing of this type of projectile is planned. 

The two misses in the group of pro- 
jectiles with five fins were observed to 
have good flight. The accuracy obtained 
for this group was not as good as that 
of the six-finned projectiles but is not 
so poor as to suggest a discontinuation 
of the testing of this type. The gun used 
in the above test has a forward recoil 
and further testing is planned with a gun 
adjusted to give a  rearward recoil. 

Spin  Measurements 

Projectile spin rate was measured 
as part of a more comprehensive pro- 
gram to study projectile yaw and to evalu- 
ate the effect of muzzle blast on the ac- 

Five rounds were fired through cardboard 
yaw cards with the cards being replaced 
after each round. A horizontal reference 
line on each yaw card and a small pin 
pressed into one of the fins of each pro- 
jectile were used in recording the ro- 
tation of the projectile between success- 
ive cards. 

The details of the range data are pre- 
sented in Table IV. The yaw card mea- 
surements are shown in Table V and Fig. 
4 is a plot of the rotation versus distance 
from the gun. The smoothed curves were 
used to determine the rolling velocity as 
shown in Table VI and Fig. 5. To deter- 
mine the muzzle spin, the spin induced on 
the projectile by friction in the gun bore, 
the spin rate curves (Fig. 5) were ex- 
trapolated to the muzzle and it was found 
that the projectile emerges from the muz- 
zle with a spin rate of one to two revo- 
lutions per second- Analysis of the spin 
d"».t« is being continued to provide an equa- 
tion which will describe the roll motion 
of the Tl 19 projectile throughout its entire 
range. 
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t Table V 
Yaw Card  Measurements 

TM9  Projectile 

Card Fe«<t from Muzzle 
Angle of Roll Measured Clockwise frox> Horiz. Ref. Line 

X362              X364 X365 X368 X370 

HI 30.0 101° 251° 151° 349° 123° 
#2 60.0 116° 278° !66° 36 7° 142° 

Hi 70.8 124° 283° 173° 376° 151° 
;"4 bl.O 129° 289° 175° 384° 160° 

#5 1 10.7 1S4° 311° 196° 410° 186° 
#6 121.4 164° 324° 204° 422° 199° 
#7 130.6 171° 337° 208° 432° 210° 

#8 157.4 196° 372° 229° 465° 247° 

#9 288.7 376° 582° 358° 683° 479° 

•rjyi   vJpJj"      -tr.    '  ';'5V' '   fJo?    ' r i'   "  ntaj       '^Icl       p"3~" 'its'     BfT     [?£$     13?? 

5 
Fig. 4.     Roll   Angle  Vei'.js  Distance   From  Gun. 

T| I9EI r    Proj.ttNr 
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Table VI 
Tl19111   Spin  Measurements 

Distance 
(Ft.) 

From Muzzle 
20 60 IOC 140 

Round Velocity (fps) 1683. 1 1675.3 1667.5 H59.7 

X362 Rotation (deg./    ft.) 0. 383 0.600 0.800 1. 183 
(rps) 1.79 2.79 3.71 5.46 

Round Velocity (fps) 1674.1 1666.3 1658.5 1650.7 

X364 F otation (deg./    ft.) 0.450 0.658 0.900 1.400 
(rps) 2.09 3.05 4.15 6.42 

Round Velocity (fps) 1682.1 1674.3 1666.5 1658.7 
X365 Rotational (deg./    ft.) 0.400 0.533 0.633 0.833 

(rps) 1.87 2.48 2.93 3.84 

Round Velocity (fps) 1681.1 1673. 5 1665.5 1657.7 

X368 Rotation (deg./   ft.) 0.367 0.700 0.983 1.300 

(rps) 1.71 3.25 4.55 5.99 

Round Velocity (fps) 1675. 1 1667. 3 1659.5 1651.7 

X370 Rotation (deg./   ft. ) 0.483 0.767 1.050 1.433 
(rps) 2.25 3.55 4.84 6.57 

1!': iiiiii::':'j:::::i:::i:::;:;::i': 
Row*0      x   3fc2     I6S7 

R      . <J       X   lfe4       16 7 9 mrnw 
trr:;:;::-?8:'- 

j;;:;i;:;;iS;;i «3u"(i   » >7o   itn ::::::;::;:{::::j::::J:::::!:::!:I'.'.I;.-.illi* 

UIE     L>*i1     E3sL'     ti£j     C«<u 

Fig.  5.     Rolling   Velocity  Verius   Distance   From   Gun. 

Tl I9tl I   Pfoj.ctl!. 
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Future  Program 

1. Projectiles with zinc ogives have 
been assembled, It is planned to fire 
groups of these projectiles for tests of 
strength,   accuracy,   and penetration. 

2. Twenty projectiles, each with a tail 
assembly shorter and stronger than that 
of the T119E11 projectile, have been as- 
sembled and will be test-fired. 

3. A group of 10 T119E11 projectiles 
has been prepared to study the effect of 
relaxed dimensional tolerances in the 
fin assembly.    These projectiles will be 

fi; ed to determine both mechanical and 
flight behavior. 

4. A program to improve the lain; h- 
ing of the T119Ell projectil<e has been 
started. It is planned to study projectile 
behavior near the gun muzzle by means ol 
yaw cards and photography. 

5. The effect of ogive length   >pon the 
accuracy of the T119E11 projectile i    to be 
determined by tests with both sh -rter and 
longer ogives.     The projectiles are ready 
for assembly and tests should follow ^no:i. 

13 
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PENETRATION STUDIES 
Scaling  Studies 

r 

In extending the use of data tor 105mm 
cones and charges to other sizes it is 
necessary to determine the effect oT size 
upon performance. From theoretical 
considerations it appears that geometrically 
similar shaped charge rounds of widely 
differing diameter should behave similarly 
if the diameter "d" is taken as the unit 
le,igth,(BRL Report 623, Section VI and 
the references given there). As applied 
to rotating charges it is to be expected 
that the relative deterioration in pene- 
tration caused by spin, for rounds of dif- 
ferent diameter d spinning atu> radians per 
sec should be determined by the spin 
parametercu d. Since a considerable 
a mount of work has been done in this 
laboratory with DRB398 cones it is planned 
to evaluate similar charges scaled down 
in the ratio 75/1C5 and 90/105. The first 
tests with the 75/105 size charges have 
been completed. 

shows the cone and Fig. 7 shows the cone 
and charge assembl/. These cones were 
mad<" from DRB398 smooth cones by cut- 
ting them off at the appropriate diameter 
(2.50-inch register diameter) and by mach- 
ining out the inside cone surface to the 
desired final wall thickness (.071 inch). 
The only departure from linear scaling 
is in the small spitback tube whose dimen- 
sions are unchanged from the nripina! 
DRB398 cone. In this scaling study the 
effect of standoff and rotation have been 
determined for the 75/105 change and 
cone, and the data are to be compared 
with the corresponding data for the 105mm 
charge. 

The penetration behavior of DRB398 
smooth cones has been described in earlier 
reports. The effect of standoff is shown 
in Fig. 6 of the Thirty-Second Progress 
Report and the effect of rotation in Fig. 
6 of the Twenty-Seventh Progress Re- 
port. 

The 75/105 scaled counterpart of the 
DRB398 cone and DRC376 test assembly 
consists of a DRB706 cone and DRC505 
test assembly (No.   2 nose ring).    Fig 6 

The inspection data for the DRB706 
cones are shown in Table VII and the pene- 
tration data are shown in Tables VIII and 
IX and Figs.   8 and 9. 

•— —     305 NOTE   ? 

— eao - 
NOTE". "S • x* 

 300 

0^9     -— — •• 
NO-'E: 

S.^*y\ 
'£>**     I       1 

1     « 
2      •  -         5*8   •  •   Z 
'•*••        i         "" •*         .* 

32 
S 

04K « • ; !•   <^ i' t ! 
«»e- 

'}••   etc—   V "?• 

A 

/ 

,;-•*"•*; 

—A. ::r.TAn  :>3 

• Aili. -NO-CAT:;  v«;'"Ai!"^ 75 Bt cc^.t: v-t;<  .V-T,..^ p<j3 -r e /,.->-•, C-.5PE.CI  TO e<i$ D*  PCG- 

is^sr-tzfcr '//.'cry.,     oie^r..-, recc MO pr^, r. «     r_.?_o.< ir v~s   CoggCR 

Fig. 6.    DRB706 Cone. 
S-.il.id  Count»rp«r'  of  DRB398  Conr. 
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z/_^-^^rzz2Zi^:zL 

// 
-r- — r- 

/ • ^7. 
Fig.  7.     DRC505   Penetration  Tost  Assembly. 

Sc»l«d  CouB»grpSrt  „f   DRCJ76   T«tt   Aiiembly. 

Scaling Standoff 

Fig. 10 is a generalized plot of the 
penetration standoff behavior of the type 
of cone and charge used in this study. 
Roth penetration and standoff are ex- 
pressed in terms of charge diameters and 
are therefore di mensionless quantities. 
As shown by this plot the one curve fits 
the observed data for both 3. 5 inch and 
2.5 inch charges quite nicely. 

Scaling  of the  Rotational  Effect 

Fig.   11  shows  the effect of rotation 

upon cones of this type. The data are 
plotted in terms of the "reduced" pene- 
tration and spin rate. The reduced pene- 
tration may be defined as the observed 
penetration at spin rate <*> divided by the 
non-rotated penetration. T'.e reduced spin 
rate is the spin rate expressed in terms 
of the relative linear surface velocity of 
the cone base -wd, As expected the 
effect of spin is invariant under these 
transformations and the one curve fits 
the observed points for both 2. 5 and 3. 5 
rc:es and charges well within '.he ex- 
perimental error. 

Future  Program 

1. Scaling Studies. Two series of 
scaling studies are planned. One series 
with simple apex copper cones is geo- 
metrically scaled to 75, 90 and 105mm. 
The other scries uses DRB398 cones (with 
short spitback of constant si7.r^ with hright 
and wall thickness adjusted to 75, 90 and 
105mm  size. 

2. Cones Made of Zinc and Aluminum 
are to be tested for penetration. Pene- 
trations approaching those of copper cones 
have been reported for certain aluminum 
and zinc alloys. 

3. Composite Cone Study. A series 
of tests using copper cones with aluminum 
inserts will be tested. 

a. .080-inch thick copper shell and 
. 07.0 and , 04n_inch aluminum insert (24S- 
T4). 

b. .100-inch thick copper shell and 
.020 and .040-inch aluminum insert (24S- 
T4). 

c. Same, as (a) and (b) but using 2S-F 
aluminum instead of 24S-T4. 

15 
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d. Same as (b) but using two stamped 
2S inserts in each cone. 

e. Same as (b) except aluminum is 
sprayed (metalized) into inside of cone. 
Tests will include ''as sprayed" and "spray- 

ed and machincu'sample:;. 

4. Effect of Internal T*»e Contour. Two 
new designs, in which the length of the 
.875-inch bore of the DRC314HWU tee 
is shortened,  are to be compared. 

Table VII 
Inspection  Data 

75 mm.  ORB706  Smooth  Cones 

Cone No. 

1 
Wail Thickness   i\r. ) 1 Maximum Variation in Mox.Woll Wavineas Concentricity T.I.R.*'* . Wra||  ,j,,CKp^ss  ,,r lip./ Base 

Datum 
Apex 

Datum 
Cone Tip 
in Ass'y Max Mm Avg.    j   Trans.          Long. 0.0.           1.0. 

Specification 
DRB-706 
Cones .071    .069                          .001                    .003          .0030           .0030 .00 30 .00 30 .015 

_ (N'omina \]_ 

FS1023 .078 .071 .0741 .001 .007 .00 30 .0050 . 0u20 .00 30 .003 
FS!0?.4 .080 .07^ .0763 .002 .007 .0020 .0050 . 00 1 0 .0020 .002 
FS1025 .080 .073 .0766 .001 .00 7 .00 20 .0030 .0010 .0020 .006 
FS1026 .077 .071 .0739 .001 ,U0b .0020 .U040 . 00 1 0 .0010 .00 7 
FS1027 .078 .071 .0751 . 002 .007 . GG20 .0040 .0020 .0010 .004 
FS1028 .082 .071 .0763 .002 .011 .00 20 .0050 .0040 .0020 .004 
FSI029 .07 7 .070 . 0736 .001 .007 .0020 .'•040 .0020 . U010 . 0 i j 
FS10 3G .076 .070 .0731 .001 . 006 . 00 30 .0040 . 00 30 .0020 .004 
FS1031 .080 .071 .0758 .001 .009 .0030 .0050 . 0030 .0040 .004 
FS1032 .077 .070 .0738 .001 .006 . 0040 .0050 .0030 .0020 .005 
FS10 33 .075 .068 .0718 .001 .006 .0040 .00 30 . 0020 .0020 .00 3 
KS1034 .076 .069 .0726 .001 .007 .00 30 .0040 .0020 .0010 .006 
FS1035 .074 .070 .0723 .001 .004 .0020 .0030 .0020 .0020 .006 
FS10 36 .076 .072 .0736 .001 . 004 .0030 .0040 .0020 .0010 .003 
FS1037 .073 .071 .0718 .001 .002 .0010 .0030 .0010 .0010 .005 
FS1 0 38 .078 .072 .0746 .002 .006 .0030 .0030 .0010 .0020 .003 
FS10 39 .078 .071 .0744 .001 .007 .0030 .0030 .0020 .0010 .010 
FS1040 .076 .072 .0738 .001 .004 .0020 .0020 .0010 .0020 .00 3 
FS1041 .075 .071 .0731 .001 .004 .0020 .0020 .0010 .0010 . 00 2 
FS1042 .078 .073 .0750 .001 .00 5 .0020 .00 30 .0020 .00 20 .006 
FS!04 3 .078 .072 .0741 .003 .006 .00 30 .0030 .0040 .0030 .006 
FS1044 .074 .070 .071B        .001 

.0743 1    .002 
.004 .0020 .00^0 .00 30 .0010 .011 

FS1045 .078 .071 .006 .0010 .0050 . 0030 .0020 .00 3 
FS1046 .073 .070 .0713 .001 .00 3 .0020 .004U . UU£U .0020 .00 2 
FS1047 .073 .072 .0751 .001 .006 .00 20 . 0040 .0030 .0010 .004 

FS1048* 1   .080 .075 .0722 . 002 .005 .0020 .0050 I        .0020 .0020 »OT*3 

Avg. .0771.0712    .0739        .0013                 .0053       .0024           .0038 .0021 .0018 .0050 
Std.Dcv. t.0028 ±.0014 i.0017 i.CC02               ±.0018     ±.0008        ±.0009 t.0009 t.0008 *   0028 
Notes: 
1.     Lowe r datum is .484 inch above base; upper datum is 2.29 inches abc >ve base . 
2.    The ndicatcd measurement at each datum is the total indicator runou t of the line r's outside 

bur in ce relative to the register diameter.     The difference between th< 5  r'ir-out at he two 
da tun i pLar.es is an indication of the  lack of perpendicularity of the  rej liter  plane and the 

line i axis. 

J 3.    Heh] for display. 
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Table VIII 
Penetration  Data 
Effect of Standoff 

DRB706 75  mm.  Cones 

Round C 0 m p. B Standoff PenetrGtion Max.Spread Std. Dev. 

No. lbs. inches inches   in M. Sti- inches inches 

FS1023 .88 5.0 13. 50 
FS1024 .88 5.0 1 4.62 
FS1Q25 .92 5.0 14.75 — 
FS1026 .92 5.0 15.50 

Avg.      14.59 2.00 + .82 

FS1027 .88 7.5 15.56 " 
FS1028 . 86 7.5 14.44 
F31U29 .88 7.5 15. 56 
FS1030 .88 7. 5 14. 18 

Avg.      14.93 1.38 + .73 

FS1031 .88 10.0 14.88 
FS1032 .88 1Q.0 14.94 
FS1033 .90 10.0 15.94 . 
FS1034 .90 10.0 16.38 

Avg.      15.54 1.50 + .74 
Notes: 
1.      Cones assembled in DRC505 -1 test bodies,  plugs and rings (No.  2). 
2.      Loaded at Ravenna Arsenal, BAT Lot No.   50, with Compostion B from 

Holstcn Lot No.   4-1197. 
3.      All rounds were  tested at 0 rev/sec at Erie O rdnance Depot. 

Table IX 
Penetration Data 
Effect of Rotation 

DRB706 75  mm.  Cones 

Rou n d 
No. 

C o mpi 3 
lbs. 

Rev/Sec Penetration 
inches   in    M. S. 

Mox.Spreod 
inc hes 

Std.    Dev. 
inches 

FS1023 
FS1024 
FS1025 
FS1026 

.88 

.88 

.92 

.92 

0 13.50 
14.62 
14.75 
15, 50 

Avg.     14.59 2.00 + . 82 

FSI035 
FS1036 
FS1037 
FS1038 

.90 

.90 

.88 

.88 

30 13.00 
12.06 
12.50 
11.62 

Avg.       12.30 1.38 ±•59 

FS1039 
FSI040 
FS1041 

.88 

.86 

. 8S 

60 7.69 
7.25 
7. 1 8 

.51 + .27 Avg.          7.3 7 

FS1042 
i-til 043 
FS1044 

.92 

.90 

.38 

90 6. 18 
6. 00 
5.50 

Avg.        5.89 .68 + .35 

FS1045 
FS1046 
FS104 7 

.88 

.88 

.86 

120 5.SI 
5.25 
4.6 2 

Avg.        5.23 ..i« + . 59 

Notes: 
1.      Conts assembled in DRC50S-I test bodies,   plugs ana rings (No.   2). 
Z.      Loaded at Ravenna Arsenal,   BAT Lot No,   30,  with Compostion D from 

Holston Lot No.   4-1197. 
3,      All rounds were  tested at Erie Ordnance Depot using a standoff of 5.0 inches. 
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Fig.  8.     Penetration   Versus  Standoff. 
DRB398   (105  mm.)   and   URB706   175  mm.)   Con.i 

Fig.  9.     Penetration   Versus   Rotation. 
DRB398    1105   mm.)   and   DRB706   (75   mm)   Conn 
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FUZES 

Testing  T267 Type  Base Elements at a range of 200 yards. 

The T267 type fuze combines both super - 
quick and delay functioning. The develop- 
ment has been reported in the Thirtieth, 
Thirty-First and Thirty-Second Progress 
Reports. Further changes in design have 
been made and the tests have been con- 
tinued. 

Sixty T26? fuze base elements were 
made in accordance with DRD439 (Fig- 
ure 12) and twenty have been tesied in T138 
E57 type projectiles equipped with spotting 
charges. The target consisted of a four 
inch thick wooden bursting screen located 

Ten projectiles were equipped with bar - 
ium titanate nose elements and were tested 
for superquick functioning. The remain- 
ing ten were not equipped with crystals 
and therefore any functioning of these 
rounds is presumed to occur as a result 
of the delay inertial element in the fuze. 
The firing record is shown in Table X 
and  the data are summarized below. 

The tests are being continued in an 
effort to determine the cause for the fail- 
ures to function. 

No.  functioning superquick 
No.  functioning inertia 
No.  Failures to function 
No.  Doubtful Functions 
No,  Misses 

Total 

With Without 
Crystal Crystal 

4 .-- 
1 7 
2 2 
-- 1 
3 -- 

10 10 

, r-if&MjMU   fit jXPG 

!*' •*/•<••'     vfcsX—. 

\&%&^ 

/.- 

7*/ #/ anz 

JSjKT 0. 

mTgut. 
i ^i-^-X4-'^M^ 
T?i r-.-f   -  - - 

m^rtr I 

>^r 
iff** f*v ff <*ejfw 

I        ! 

! =  i 
: ' T - 

J ;   i 
I ! I' 

Fig.   !2.    Fuze Base  Element,   (267. 
Fifetton*  Driwinq  No.  DRD439. 
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MANUFACTURING  SUMMARY 

Irs  r>rlHi tion  to the  r-vriprimpntal   matrri^l 

prepared for the research and develop- 
ment work under contracts DA-33-019- 
ORD-33 and D4~33-0)9-ORD-i202, de- 
scribed in preceding progress reports 
and in the preceding pag'.*s of this re- 
port, the following have been manufacture*-1 

and shipped to the installations indicated. 

Firestone's Defense Rese?.rch l^ivisio^; 
in shipping these items, transfers custody 
and control cf the items to the receiving 
agencies. However, personnel of De- 
fense Research Division will continue 
to collaborate with personnel of the other 
instal la tions. 

I.    Cartridges,   T119E11,   Metal Parts Assembly,  w/o Fuze T208E7 

Prior to June   1, 1953 
June  1, 1953 
June 2, 1953 
June  5, 1953 
Tit i 1   i *"» C ~* J Unc i I t      l 7 -/ -> 

June 18, 1953 
June 26, 1953 
June 26, 1953 

Total to June 30, 1953 

II.   Rifles,   T170E1 for ONTOS 

Prior to June  1,   1953 
June   13,   19 53 
June 22,   1953 
June 23,   1953 

4430 
300 (Live) 

30 (Live) 
300 (Inert) 
3u0 (Inert) 
300 (Live) 
300 (Inert) 
25 (Live) 

5985 

6 
6 
6 
6 

All Shipments 
Milan Arsenal 
Picatinny Arsenal 
Milan Arsenal 
Milan Arsenal 
Milan Arsenal 
Milan Arsenal 
Picatinnv Arsenal 

Aberdeen Proving Ground 

ii 

ii 

III. Mounts,   T149E3 for ONTOS 

June  1,   1953 1 Allis-Chalmers 

IV. BAT Systems.   Less Jeep (T170E1 Rifles,   T149E3 Mounts) 

Aberdeen Proving Ground Prior to June 1, 1953 
June 2, l?r,3 
June 8,   1953 

2 
2 
1 
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